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FOREWORD 


Research and Development (R&D) is one of the most complex activities 
conducted within the federal Public Service. While the direct benefits of 
R&D are great, they often defy accurate measurement. However, as with all 
government activities, R&D managers are required to be accountable for the 
spending of public funds; they must be able to defend the management of 
their plans and projects. 


This Guide offers an approach to the general aspects of R&D management. 
It provides a conceptual framework within which each R&D organization 
can give guidance to research managers on how creativity is to be promoted, 
while at the same time establishing standards for accountability for the 
resources invested in R&D. 


In general, the guidelines are not radically different from those which might 
be expected for any professional activity. They do, however, take into 
account the fact that R&D work is innovative and creative, and is carried out 
by professionals who are, for the most part, highly motivated towards 
discovery and excellence. 


We hope Public Service R&D managers will find this document a useful 
reference guide to managing more effectively and productively the govern- 
ment’s many important research and development activities. 


big lia fate 


Robert R. de Cotret 
President of the Treasury Board 
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THE RESEARCH AND DEVELOPMENT ENVIRONMENT 


The management of R&D is in essence the task of selecting and developing 
appropriate personnel, and developing and maintaining an environment 
within which creativity can flourish. This environment is complex because it 
relates to aspects such as the development and dissemination of new knowl- 
edge, the international character of the knowledge base, the interface with 
clients who tend to be operationally-oriented rather than research-oriented, 
and the need to link the R&D process with the standard government proce- 
dures for resource management. However, the R&D environment is well 
understood by research managers and, provided that special attention is 
given to the following elements which are different for R&D, the application 
of well-established and proven general management techniques is the best 
means of ensuring maximum value for the resources expended. 


Time Element 


THE CONDUCT OF RESEARCH AND DEVELOPMENT SHOULD BE 
TREATED AS AN INVESTMENT AND MANAGED ACCORDINGLY. In 
R&D, there tends to be a longer time lapse between investment of resources, 
particularly human resources, and achievement of expected returns, than in 
many other types of operations. Within the federal government’s R&D 
activities, there is a wide variation in this time lapse, ranging from months to 
decades, depending upon the nature of the work and the resources devoted 
to it. Such time frames usually exceed those of the multi-year planning cycle 
of government and may exceed the anticipatory time frame of the political 
process. This difference in planning horizons necessitates that R&D managers 
obtain executive recognition of the need for matching human resources to 
specific projects which go beyond the government’s multi-year planning 
time frame. In addition, to provide assurance to the executive level regarding 
the progress of the long-term investment, R&D activities must make use of 
shorter-term indicators of progress and success. 


Uncertainty and Risk 


A MANAGEMENT SYSTEM FOR A RESEARCH AND DEVELOPMENT 
PROJECT MUST MAKE PROVISION FOR UNCERTAINTY IN THE 
THREE SIGNIFICANT VARIABLES OF BUDGET, PROJECT DURATION 
AND NATURE OF RESULTS. R&D is characterized by a greater degree of 
uncertainty than many other activities because these three variables cannot 
be defined independently. Depending on the nature of the work being 
undertaken, an attempt to control any two of the variables will make the 
third more or less unpredictable. 


OPERATIONAL CONTROL OF RESEARCH AND DEVELOPMENT 
SHOULD BE SUFFICIENTLY FLEXIBLE TO PERMIT MANAGERS TO 
OPTIMIZE BENEFITS ASSOCIATED WITH UNEXPECTED RESULTS, 
RATHER THAN SOLELY ATTEMPTING TO MINIMIZE RISK OF 
FAILURE. R&D is undertaken to create new knowledge, products or 
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processes. A clear statement of objectives, a careful choice of research 
personnel and the selection of subjects to be investigated place the necessary 
bounds on potential developments relevant to the mission of the organiza- 
tion. It must be recognized that only a portion of projects will pay off 
in the manner anticipated; others will pay off in unexpected directions 
by uncovering new opportunities, and some will be failures or will uncover 
new, unexpected problems during their execution. 


Human Element 


RESEARCH IS STRONGLY PERSON-ORIENTED. IT IS THE PEOPLE 
WHO INJECT THE IMAGINATION, CREATIVITY AND INNOVATION 
WHICH ARE THE KEYSTONES OF THE SUCCESSFUL R&D PROJECT. 
Management must nurture and stimulate these characteristics and channel 
them in the desired direction. Success depends strongly on the competence, 
motivation and morale of the staff. Management practices should support 
the application of creativity, flexibility and scientific judgment to bring 
about the successful execution of R&D activities. 


Inflation and Sophistication Factors 


A MANAGEMENT SYSTEM FOR R&D SHOULD RECOGNIZE THAT 
INFLATIONARY TRENDS MAY HAVE A SPECIALIZED IMPACT ON 
R&D. Price increases for chemicals, instruments and scientific equipment 
tend to exceed those for the basic inputs to many other government programs. 
In addition, more sophisticated — and thus more costly — equipment is 
needed in most fields because previous scientific advances make further 
research more intricate and complex. Appropriate recognition of these 
factors is necessary in planning and resource-allocation processes in order to 
maximize the effectiveness of R&D program investments. 


ORGANIZATIONAL CONSIDERATIONS IN MANAGING RESEARCH 
AND DEVELOPMENT 


To ensure effective R&D, there are three main aspects that should be 
considered; the structure of the organization, the responsibilities of managers 
and, most importantly, the leadership climate provided by managers. 


Structure 


A SOUND ORGANIZATIONAL STRUCTURE IS BASIC TO MANAGERIAL 
CONTROL. IT PROVIDES A FOUNDATION FOR GOOD PLANNING 
AND COORDINATION, ASSIGNMENT OF DUTIES AND RESPONSI- 
BILITIES, AND MEASUREMENT OF THE EFFECTIVENESS OF EACH 
UNIT IN MEETING ITS ESTABLISHED GOALS. 


The nature and role of the organizational structure into which R&D fits 
differ among the various R&D departments. These variations arise from: 
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differences in historical development; how the departments interpret their 
mandate; and who the department considers to be its ‘client’ for its R&D. 
Despite these variations, the principles that govern all R&D organizations 
and operations are similar. 


Given that scientific research is a separable activity within most government 
departments, the main features of organization for R&D that should be 
addressed are: 


-— the tailoring to, and fulfilment of, the role and mandates of the depart- 
ment as well as various government policies; 


— the capacity to adjust to changes in the role of the department and 
the departmental requirements for R&D; 


— the need for good leadership to provide appropriate flexibility in the 
control of R&D projects (or programs) in relation to the allocated 
resources; 


— the mechanisms by which projects (or programs) are reviewed and 
appraised, new projects started and unsuccessful projects stopped. 


The definition of a project differs among departments. The term ‘‘projects”’ 
(or ‘‘programs’’) refers here to an R&D activity that has its own budget 
and is therefore subject to accountability. 


To translate the department’s role into R&D projects, there is a need for an 
R&D organizational structure that can accommodate the changing R&D 
needs of the department (particularly with respect to communication), an 
R&D planning group, which co-ordinates and advises, and a senior management 
interface for R&D. 


Basic to most R&D organizations is a three-level system of management 
outlined in the following sections. Each level has the responsibility for 
co-ordination of information up and down but the emphasis varies. IN 
PARTICULAR, BECAUSE OF UNCERTAINTIES, TIMING AND RISK, 
R&D ACTIVITIES REQUIRE A HIGH DEGREE OF AUTHORITY AT 
THE WORKING LEVEL, UNLIKE MOST OTHER GOVERNMENT 
ACTIVITIES. 


Management Responsibilities 
Responsibility of Executive-Level R&D Management 


Research and development programs require direction. The executive-level 
R&D manager within an organization must, in essence, ensure that the R&D 
role is ‘‘marketed”’ to the organization. This involves building a climate for 
innovation and requires considerable appreciation of the special nature of 
creative thinking. It is a kind of thinking quite different from that tradition- 
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ally required for the performance of many other types of work. A MAJOR 
EMPHASIS OF EXECUTIVE-LEVEL R&D MANAGEMENT SHOULD BE 
PLACED ON GETTING MORE KEY INDIVIDUALS — BOTH INSIDE 
AND OUTSIDE THE DEPARTMENT — TO UNDERSTAND AND APPRE- 
CIATE HOW TECHNOLOGICAL INNOVATION IS SPAWNED, NUR- 
TURED, FINANCED AND MANAGED. 


To be able to do this, executive-level management must understand the R&D 
process sufficiently to know what decisions are important to the management 
of R&D and when R&D inputs should be made into the decision-making 
process, and to ensure full recognition of the requirements of R&D. An 
important element in the R&D program decision chain that is often missing 
is the clear delineation of corporate R&D objectives by executive-level 
management of the department. Executive-level R&D management must 
ensure that there is a deliberate, explicit management policy of supporting 
R&D. What executive-level R&D managers need to know is what business 
the department is in, what outputs are expected of the R&D branches and 
what resources are available to them to achieve relevant goals. 


EXECUTIVE-LEVEL R&D MANAGEMENT MUST BE PLACED AT A 
LEVEL SUFFICIENTLY HIGH TO PERMIT ACTIVE PARTICIPATION IN 
THE FORMULATION OF DEPARTMENTAL OBJECTIVES AND LONG- 
RANGE PLANS. The placement must also facilitate the transmission of 
these objectives and plans to lower levels of R&D management. Obviously 
the organizational placement of executive-level research management depends 
upon the importance that R&D assumes in the department. Communication 
of results and co-ordination of efforts between the research activity and 
senior departmental management are also integral parts of executive-level 
research management's tasks. 


Responsibility of Middle-Level R&D Management 


At the middle level of R&D management, greater emphasis is needed on 
scientific and technical knowledge than on administrative knowledge. There 
are several basic organizational responsibilities at this level of R&D manage- 
ment which, in many ways, is the most difficult and least understood of all 
three levels. 


THE MIDDLE-LEVEL MANAGER MUST DEVELOP AND PROVIDE 
LEADERSHIP TO AN ORGANIZATION BUILT AROUND A FUNCTION 
RATHER THAN INDIVIDUALS OR SMALL GROUPS. It is at this level 
that program balance and flexibility are maintained without unnecessary 
duplication or over-emphasis. Although applying in some degree to all levels 
of management, A MAJOR FUNCTION OF MIDDLE-LEVEL MANAGE- 
MENT IN AN R&D ORGANIZATION IS TO ENSURE THAT PRIORITIES 
IN R&D ARE NOT SUBORDINATED TO THE MORE IMMEDIATE 
DEMANDS OF ADMINISTRATIVE PRIORITIES. Authority must be 
delegated so that it is sufficiently close to the point at which action must be 
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taken, thereby allowing maximum initiative for project-level managers while 
retaining sufficient authority for control. Middle management must also 
ensure that close, careful and continuing attention is given to client needs at 
all stages of the R&D process. 


Responsibility of Project-Level R&D Management 


The organizational requirements for effective R&D differ from those of 
other functions, especially at the project management levels. Most govern- 
ment R&D is of such magnitude that group activity is necessary for technical 
SUCCESS. 


Although research tends to be individualistic, successful research projects are 
often attributable to team efforts. The individuals making up the basic 
groups, each with specialized abilities, contribute to the overall effort of 
solving research problems. The organizational structure must be established, 
therefore, in such a fashion that specific tasks can be assigned and co-ordinated 
and the results reviewed and assessed. The use of R&D projects, assigned to 
specific project managers, is the most effective means of accomplishing this 
end. PROJECT MANAGEMENT FORMS THE FOUNDATION FOR RE- 
SEARCH ADMINISTRATION IN ANY R&D ORGANIZATION AND IS 
MANAGEMENT'S PRIME RESPONSIBILITY AT THIS LEVEL. 


Leadership 


THE SUCCESSFUL ORGANIZATION HAS ONE CHARACTERISTIC 
THAT SETS IT APART FROM OTHERS — DYNAMIC AND EFFECTIVE 
LEADERSHIP. LEADERSHIP IS ORIENTED TOWARDS ACHIEVING 
ORGANIZATIONAL EFFECTIVENESS THROUGH DEVELOPMENT OF 
THE CAPABILITIES AND ATTITUDES OF INDIVIDUALS MAKING UP 
THE ORGANIZATION. THE R&D MANAGER HAS THE RESPONSI- 
BILITY FOR PROVIDING THIS LEADERSHIP, through those activities 
related to the management process, and through those activities related to 
his own skills in building, developing and improving the organization. 


It is essential that the R&D manager and his subordinates become jointly 
involved in all aspects of setting objectives, planning, organizing, directing 
and controlling. Objectives should be practicable and yet still challenge the 
manager and his subordinates. The plan of achievement should be logical, 
comprehensive and agreed to by those responsible for its performance. 
Performance indicators and standards should be seen not as a threat by the 
subordinates but as tangible goals which serve to motivate the subordinates. 
Direction must be provided in an atmosphere which encourages initiative, 
high performance and self-control. The control system should provide 
information that: identifies variances, i.e difference between actual and 
planned results; is relevant to the manager and his subordinates; is accurate 
and understandable; and serves as a basis for open communication between 
various levels in the organization. 


The competence of the R&D manager in maximizing the performance of his 
subordinates is dependent in large measure on his interpersonal skills. His 
ability in building motivated research teams is the basis for a strong yet 
flexible organization. The development of individuals within the team so 
that their behavior reflects accepted standards of conduct and performance 
are contingent on the manager’s skills in counselling, conflict management, 
and choice of means to enforce discipline. In the exercise of all of these skills 
the manager must provide a leadership climate that makes it possible for the 
subordinate to gain from the experience and knowledge of the manager, to 
understand the broader context of the organization and his own role in it, 
and to develop and exercise his capabilities to the greatest extent possible. In 
brief, a facilitative climate is needed wherein the manager acts as a catalyst 
to his subordinates. 


A MANAGEMENT MODEL FOR RESEARCH AND DEVELOPMENT 


A management model is displayed in Figure 1. This model is comprehensive 
in that it includes objective setting, planning and assessment for each level of 
Operation and displays the linkage to the central agency policy and expendi- 
ture management process. There are specific differences for R&D activities 
which are outlined in the following sections. 


PLANNING AND RESOURCE ALLOCATION 


Setting R&D Objectives 


IT 1S AXIOMATIC THAT THE DIRECTION GIVEN TOA DEPARTMENT'S 
RESEARCH EFFORT WIEL INSTHESEONGSRUN DETERMINE JIirS 
ABILITY TO SATISFY THE CLIENT DEMANDS. THE PRIMARY MEANS 
OF PROVIDING DIRECTION TO AN R&D ORGANIZATION IS THROUGH 
THE ESTABLISHMENT OF OBJECTIVES. 


Objectives should be the specific results to be achieved by the organization 
within a specified time. The entire management process begins with the 
formulation of these objectives and a significant measure of effectiveness is 
whether these objectives are achieved. 


R&D objectives should state, in as great detail as practicable, the results to 
be achieved by the R&D activity and present the links between that activity 
and the programs it serves. 


The variables to be considered in establishing objectives for the R&D function 
can be considered in four main categories. The first relates to ensuring that 
there is a mandated direction for the R&D effort. The second relates to 
understanding the external environment and client needs. The third must 
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take into consideration the ability of the R&D organization to respond to 
the needs, that is, the human and physical resources. The fourth takes into 
account the interactive process necessary to balance what is desired to what 
is possible; that is, what strategies are available to the department and how 
do these influence the setting of objectives. 


R&D objectives must point towards a future which is not altogether predict- 
able. They must not be overly restrictive, so that management is afforded 
flexibility in moving toward their accomplishment. Since R&D is highly 
technical, it can be directed by management only in a general way, hence, 
R&D OBJECTIVES SHOULD BE DEVISED TO SPECIFY WHAT THE 
R&D ORGANIZATION WILL DO BUT NOT HOW TO DO IT. 


In general, objectives should be written to influence the organization in a 
positive manner. Another feature to be considered is that top level objectives 
are primarily based on demands external to the organization. They will 
reflect a balance between the environmental opportunities, government 
policy and the department’s capabilities. To make them meaningful at lower 
levels in the organization there must be input by these levels. Leadership 
skills of the highest order are needed to ensure concentration of effort 
towards the top-level objectives while allowing participative decision-making 
with respect to lower-level objectives. 


In writing objectives, the manager should be sure that they: 


— are realistically expressed as results to be achieved rather than activities 
to be performed; 


— provide target dates to serve as milestones of achievement; 
— are consistent with available resources and capabilities; 
— are relevant to the tasks of the individuals; 


— are understood to be a commitment between the individuals and their 
manager. 


One of the more difficult aspects of setting R&D objectives is ensuring 
that they are communicated to and accepted by all members of the organiza- 
tion. The main practical impact of such acceptance is that the objectives 
and the activities oriented towards their achievement will have the reasoned 
support of all personnel. This is fundamental to achieving control over the 
organization through a sustained expression of accepted values rather than 
through the expression of authority by the manager. 
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THE SETTING OF OBJECTIVES IS A STATEMENT OF STRATEGY FOR 
LEADING THE ORGANIZATION. OBJECTIVES GIVE A PURPOSE AND 
PROVIDE STABLE GUIDELINES FOR DETERMINATION OF POLICY, 
PROCEDURES, STANDARDS AND RESPONSIBILITIES. BUT EVEN 
MORE IMPORTANT, WHEN DEVELOPED THROUGH PARTICIPATION 
AND WHEN UNDERSTOOD AND ACCEPTED BY EVERYONE AS 
BEING MUTUALLY SUPPORTIVE TO THEIR OWN NEEDS, THE 
OBJECTIVES BECOME THE KEYSTONE OF ORGANIZATIONAL 
MOTIVATION AND HENCE EFFECTIVE PERFORMANCE. 


Strategic Planning 


STRATEGIC PLANNING INVOLVES AN ONGOING ASSESSMENT OF 
AN ORGANIZATION’S ROLE, ITS LONG-TERM OBJECTIVES AND THE 
STRATEGIES, POLICIES AND PROGRAMS WHICH MEET THESE 
OBJECTIVES. Priorities are determined and plans modified so as to con- 
tribute to the development of, and remain responsive to, government policy 
and direction. This must be based on the regular evaluation of current 
activities as well as consideration of the changing scientific, economic and 
political environment. Strategic planning supports resource allocation and 
decision-making by providing a long-term perspective. It must afford recog- 
nition of clients and their needs, of the need for maintaining a client interface 
and for managing that interface. 


Strategic planning for R&D may differ in nature from that required for 
other organizations. In many cases it looks beyond the five years of the 
government’s multi-year planning cycle and, in addition, is likely to be 
more abstract. It is also more difficult to state with precision the outputs to 
be achieved, their likely impacts, and in some cases the relationship between 
the particular field of science and immediate government priorities. In 
addition to satisfying internal needs, R&D strategic planning is one of the 
mechanisms for presenting and substantiating the case for changes in resource 
requirements to the government in accordance with the Policy and Expendi- 
ture Management System. Projected changes in departmental activities are 
proposed in an annual Strategic Overview with specific new initiatives being 
followed up by resource requests through Cabinet memoranda. 


Strategic planning helps to ensure more executive commitment to the very 
long term. This stability allows for developing science as a resource and for 
assuring adequate return for the government’s R&D investment. Treating 
science as a resource is more likely to result in the end products being 
relevant to the needs of the country. 


The first step in strategic planning is to obtain an understanding of the 
present environment. A number of factors need to be considered, such as: 


— whether the needs of the clients are currently being met; 
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— management of the various client program interfaces; 

— the issues being addressed; 

— existing policy frameworks; 

— the technology being used in operations; 

— methods of transferring technology and scientific information; 
— the size, rate of growth and roles of the organization; and 


— the capability of the R&D organization in terms of human and physical 
resources. 


Next, it isnecessary to determine the future of the organization by examining 
what the environment might be like in 5, 10 or 15 years hence. Similar 
criteria should be considered: 


— the perceived needs of markets and clients for new products and services; 
— the orientation of government policy; 


— the new technologies and scientific breakthroughs available for further 
R&D and transfer of information; 


— the issues that will need to be addressed; 
— therole of R&D in identifying the issues to be addressed; and 
— human and physical resource requirements. 


It is at this point that strategic objectives are established or revised. 


A third step is the strategy for developing the capability to meet those 
objectives through a mix of program adjustments and policy developments. 
Some critical issues to consider are: 


— organizational and program changes required; 
— development of human resources; 

— potentials of opportunities; 

— change in policies, procedures and systems; 
— implications for current beliefs; and 


— contingencies for coping with unforeseen difficulties outside the 
framework. 
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Operational Planning 


Operational planning serves as the linkage between strategic planning and 
detailed work planning in the organization. While strategic planning provides 
a basis for policy approval, operational planning provides for resource 
approval by senior management and serves as a reference when evaluating 
performance of the program and the success of its managers. If the opera- 
tional planning is effective it will result in better decisions within the context 
of their long-term impact and in better assessment of how well the organiza- 
tion is developing and reacting to priorities. Additionally, operational plan- 
ning can provide a sense of purpose to the organization if the processes 
provide for participation at all levels in the development of operational 
objectives, priorities, resource requirements and methodology. 


WITHIN THE FRAMEWORK OF THE STRATEGIC PLAN, OPERATIONAL 
PLANS ARE CONCERNED WITH THE OVERALL ACTIVITIES UNDER- 
TAKEN TO ACHIEVE OBJECTIVES, THE SELECTION OF NEW PRO- 
GRAMS OR PROJECTS AND THE REALLOCATION OF RESOURCES 
AMONG EXISTING PROGRAMS OR PROJECTS IN ACCORDANCE 
WITH CURRENT PRIORITIES. AN OPERATIONAL PLAN ALSO 
INCLUDES THE ESTABLISHMENT OF A COMPREHENSIVE SET OF 
GOALS AND PROGRAMS TO COVER AT LEAST FIVE YEARS, AND 
THE ASSIGNMENT OF RESPONSIBILITIES AND AUTHORITIES TO 
THE DESIGNATED MANAGERS. Whereas reasonable precision is required 
for the next budget year, approximate resource requirements are used in 
planning future years. Thus multi-year budgets can be established so that 
accountability for the longer-term effects of the program can be assessed. 


Operational planning is an activity that requires very special attention 
for R&D managers. Operational planning for R&D must consider general 
issues such as the capabilities and capacities of the human resources, major 
facilities necessary and the amount and source of funding. Consideration 
must also be given to timing factors in project start-up and close-down so 
that practical rather than conceptual issues are considered. 


Although operational planning is a continuous process it is formalized 
on an annual basis when requests are made for resources. Therefore the 
planning framework and schedule has to be arranged to support the Policy 
and Expenditure Management System requirements. Ongoing expenditure 
patterns are requested through the annual Multi-Year Operational Plan 
and through specific Treasury Board Submissions. 


Major changes to operational plans are based on strategic planning and 
subsequent policy decisions. More rapid changes must be made to detailed 
work plans to cope with day-to-day requirements or opportunities. The 
ability to allocate a portion of the resources to permit rapid and effective 
responses to those contingencies which are in support of the established 
objectives of the organization is an essential component of the operational 
plan. 
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In R&D, operational planning caters to both the predictable activities as part 
of the annual planning cycle and the unpredictable tasks, such as the provision 
of advice or new discovery which, although consistent with organizational 
objectives, were not foreseen when the plans were established. In the annual 
operational plan, allowance is made, in general terms, for the resources that 
will be used on the unpredictable tasks. The unpredictable tasks once identi- 
fied, are, of course, also planned with goals and performance indicators but 
with a much shorter time horizon. This short-term planning is implemented, 
monitored and controlled in parallel with the longer-term activities contained 
in the annual operational plan. 


Work Planning 


WORK PLANNING FOR R&D PROVIDES THE NECESSARY CONTROL 
REQUIREMENTS TO SUPPORT ACCOUNTABILITY. IN R&D, IT ISA 
GOAL-ORIENTED ACTIVITY, NOT A PROCESS-ORIENTED ACTIVITY: 
GOALS ARE SET OUT, BUT NOT DETAILED STATEMENTS OF HOW 
THEY ARE TO BE ACHIEVED. 


Project management is an essential element of operational control and a 
key element in ensuring effective use of resources. It provides the framework 
where research managers define the work of individual researchers or groups 
of researchers. 


Once an activity is approved in principle, detailed planning must lead to a 
well-substantiated work plan, including resource requirements, contingency 
funding and timing. The work plan must be developed in a way which 
integrates program, financial and human resources management. In an 
aggregate form, work planning provides the basis for departmental Main 
Estimates and program expenditure plan. 


Project and Program Selection 


THE POINT OF GREATEST INFLUENCE IN THE PLANNING OF AN 
R&D ACTIVITY OCCURS AT THE TIME OF PROJECT/PROGRAM 
SELECTION. SINCE THE PROJECTS/PROGRAMS SELECTED DEFINE 
THE DIRECTION WHICH THE RESEARCH EFFORT WILL TAKE AND 
ALSO THE EXTENT AND BALANCE IT WILL HAVE, THE CHOICE OF 
PROJECTS/PROGRAMS AND SETTING OF PRIORITIES IS CRITICAL. 
For these reasons, the selection of projects/programs and their relative 
priorities must be carried out in a comprehensive and formal manner. 


The procedures for program/project selection should provide for comparisons 
of new projects with other ongoing projects. Also, to ensure a better assess- 
ment of projects, all new projects, as far as is practicable, should be considered 
in the same review. In decisions on projects, responsibility, accountability 
and authority for approved projects must be clearly assigned. Both the 
decision on the acceptance or non-acceptance of project approvals and the 
rationale for the decisions must be formally recorded and should be commu- 
nicated to the scientists. 
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The project proposals should be accompanied by a research plan which 
addresses technical and resource considerations. Proposals provide the 
input into the planning processes and therefore should contain a framework 
for monitoring performance, i.e. goals, performance indicators, resources 
and responsibilities. 


Before being selected, a project should undergo two aspects of review: a 
scientific review to assess the scientific feasibility of the project and a 
managerial review to assess the policy, organizational and resource implica- 
tions. The authority to approve the project must rest with those conducting 
the managerial review. 


In reviewing project proposals the following criteria should be considered: 


— contribution towards achievement of objectives — government, depart- 
ment, program; 


— long-term priorities; 

— client needs — industry, department; 

— potential impact; 

— technical factors — skills, facilities; 

— funding — total amount, cash flow, timing; and 


— probability of success. 


MANAGEMENT CONTROL 


Management control of R&D is exercised through three different but over- 
lapping approaches. First, there is operational control, which is oriented 
towards ensuring a quality research output and an effective and efficient use 
of resources in the accomplishment of the objectives of the organization. 
This control is exercised at all levels of the organization. At the lower level 
of management, it is focused on project control and work plans. Second, 
there is the review of the R&D function oriented towards the appropriateness 
of the R&D management process, the quality and capacity of management 
and research personnel as well as facilities and the effectiveness of the R&D 
facility. It provides the means by which middle-level management, in particu- 
lar, can identify weaknesses in the management functions, and should be 
aimed primarily at improving the future effectiveness of the R&D activity. 
Third, there is program evaluation which addresses four issues: program 
rationale (does the program make sense?), impacts and effects (what has 
happened as a result of the program?), objectives achievement (has it achieved 
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impacts as expected?) and possibility of alternatives (are there better ways of 
achieving equivalent results?). Program evaluation is of primary interest 
to the top R&D management. To ensure an independent and objective 
evaluation, the work is normally carried out on behalf of the deputy head as 
part of the departmental program evaluation function. Whereas the first two 
approaches to management control are continuous, the latter, program 
evaluation, is a periodic in-depth examination of the fundamental issues 
noted above. 


Operational Control 


TO EXERCISE OPERATIONAL CONTROL, THE MANAGER MUST 
HAVE FLEXIBLE AND RESPONSIVE FINANCIAL, PERSONNEL, MATE- 
RIAL CONTROL AND MANAGEMENT INFORMATION SYSTEMS. 
THESE PROVIDE THE INFORMATION NECESSARY TO ALLOCATE, 
MONITOR AND ACCOUNT FOR FINANCIAL AND OTHER RESOURCES. 


In terms of Figure 1, operational control covers several activities including: 
establishing goals and performance measures and obtaining approval of the 
resources necessary for their attainment; collecting operational information 
relevant to understanding progress and to the need for decisions; reporting 
such control information to managers; analyzing the variance, that is, the 
difference between actual and planned results; and taking appropriate 
corrective action. It also involves periodic in-depth reviews of the work and 
the environment to determine whether there is a need to reorient the direc- 
tion or change the approach. This management action may include the 
decision to allocate contingency resources or redeploy resources previously 
committed. These decisions should take into account a variety of factors 
such as current developments in science and technology, relevance of results 
as needs change, and unexpected results which justify new or expanded 
activities or cancellation of existing activities. In R&D, operational control 
requires an intelligent and sensitive melding of formal and informal processes, 
and provides the basis for ensuring that managers at all levels are accountable 
for achieving the best possible value for resources expended. 


Review of the R&D Function 


THE CONTINUING REVIEW OF THE R&D FUNCTION IS AN ESSENTIAL 
ASPECT OF THE MANAGEMENT PROCESS. IT IS NOT CONCERNED 
SO MUCH WITH THE DETAILS OF PROJECT MANAGEMENT AS IT IS 
WITH THE ONGOING EFFECTIVENESS OF THE R&D ACTIVITY. IT 
INVOLVES MONITORING PROGRESS AND TAKING DECISIONS AS TO 
THE ALLOCATION OR REALLOCATION OF PERSONNEL AND FINAN- 
CIAL RESOURCES AND FACILITIES INORDER TO ACHIEVE PLANNED 
RESULTS. 


Because of the element of risk in R&D, the assessment function should be 
carried out in as innovative and supportive a manner as possible. It should be 


a formal process that provides information that: compares various parts of 
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the organization with each other and with similar external organizations to 
highlight where performance may be improved; identifies factors which may 
cause changes in objectives, strategy, policy and procedures; determines 
means of reducing overhead and non-productive costs; and determines 
deficiencies in the organization with respect to human resource management, 
facilities, and research environment. It should support program evaluation as 
well as assist managers in making informed decisions on the redistribution of 
resources within current areas of scientific or technological emphasis. The 
assessment of results should be carried out on a regular basis and should 
provide senior management with an ongoing measure of the effectiveness of 
the research investment. In addition, it should provide a clear indication not 
only of the degree to which approved strategic and operational objectives are 
being achieved, but also of the reasonableness of the objectives themselves. 
Where possible, assessment should involve the responsible program managers 
and representatives of the principal clients, together with informed but 
otherwise uninvolved members of scientific peer groups. 


Program Evaluation 


PROGRAM EVALUATION IS OF PRIMARY INTEREST TO THE 
EXECUTIVE-LEVEL MANAGEMENT OF THE R&D ORGANIZATION, 
THE CLIENT BEING THE DEPUTY HEAD. IT IS AN INTEGRAL PART 
OF THE REVIEW ASPECT OF STRATEGIC MANAGEMENT. IT IN— 
VOLVES THE PERIODIC AND SYSTEMATIC GATHERING OF VERI- 
FIABLE INFORMATION FOR EACH OF THE R&D ORGANIZATION’S 
PROGRAMS, AND OF DEMONSTRABLE EVIDENCE ON THE RESULTS 
AND COST-EFFECTIVENESS OF THESE PROGRAMS. PROGRAM 
EVALUATION PRODUCES CREDIBLE, TIMELY, USEFUL AND OBJEC- 
TIVE FINDINGS APPROPRIATE FOR RESOURCE ALLOCATION, 
PROGRAM IMPROVEMENT AND ACCOUNTABILITY. 


The review of the R&D function supports program evaluation; however, 
program evaluation is very different in that it is independent of line manage- 
ment, periodic as opposed to ongoing, and strategic in nature. Program 
evaluation goes much further than ongoing assessment in that it does not 
take the R&D organization’s programs as given. For example, program 
evaluation will attempt to determine: whether the objectives and mandate of 
the program are still relevant; to what extent the program complements, 
duplicates, overlaps or works at cross-purposes with other programs; whether 
there are more cost-effective programs which might achieve the objectives of 
the existing program; and whether there are more cost-effective ways of 
delivering the existing program. Program evaluation also provides for in-depth 
examination of the impacts and effects, both intended and unintended, of 
the programs, and of whether or not the program objectives were achieved. 
Even though program evaluation is performed for the Deputy Head, the 
program managers must be involved, and will be important users of the 
program evaluation findings. 
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GUIDELINES FOR THE MANAGEMENT OF 
RESEARCH AND DEVELOPMENT 


THE GUIDELINES WHICH FOLLOW ARE NOT A SUBSTITUTE FOR 
KNOWLEDGE, SKILLS AND JUDGMENT, NOR DO THEY PRESCRIBE 
WHAT MUST BE DONE. RATHER, THEY INDICATE A RANGE OF 
VARIABLES WHICH SHOULD BE CONSIDERED WHEN EXERCISING 
GOOD JUDGMENT. 

These guidelines are based on the fact that R&D management techniques, 
when applied with care and good judgment, contribute positively to the 
overall cost-effectiveness of an organization. These techniques should be 
applied by R&D managers in such a way as to promote creativity, to encour- 
age the assumption of responsibility by subordinates, and to maintain high 
morale. A well-defined mission, with specific objectives and a sense of 
urgency attached to their attainment, can foster motivation. The management 
process within the organization must reflect and not obstruct this urgency. 
Deviations from plans must be clearly justifiable on the basis of facts, but if 
such plans and the relevant instructions to scientists reach the point of being 
regarded as inflexible, the circumstances under which creativity flourishes 
will have been destroyed. Unless management procedures are sufficiently 
flexible to permit managerial judgment to support appropriate entrepreneurial 
activities, innovation will be progressively stifled. 


(1) THE ORGANIZATION MUST PROVIDE THE STRUCTURE FOR 
ACCOUNTABILITY 


The organization must provide the structure for planning and 
co-ordination, and assessment of responsibility, authority and resources. 
The measurement of the efficiency and effectiveness of the organiza- 
tion is the basis against which the manager will be held accountable. 


(2) LEADERSHIP MUST BE PROVIDED BY THE MANAGER 
REGARDLESS OF OTHER DEMANDS ON AVAILABLE TIME 


The R&D manager has the responsibility to provide leadership oriented 
towards achieving organizational effectiveness through development of 
the capabilities and attitudes of the individuals making up the organiza- 
tion. The manager must ensure that the management process is con- 
ducive to motivating the individual and that a leadership climate is 
established which encourages creativity, responsibility and self-control. 


(3) THE EXECUTIVE-LEVEL R&D MANAGER MUST INTERFACE 
DIRECTLY AND ACTIVELY WITH TOP MANAGEMENT IN THE 
ORGANIZATION 


The executive-level R&D manager must be placed at a level sufficiently 
high in the organization to permit active participation in the formula- 
tion of departmental objectives, priorities and plans, thus providing a 
vital communication link to ensure that the R&D activity is responsive 
to the needs of the department. 
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(4) 


(5) 


(6) 


(7) 


(9) 


OBJECTIVES MUST PROVIDE PRE DIRECTIONS FOR Site 
ORGANIZATION AS WELL AS THE BASIS FOR EVALUATION 
OF EFFECTIVENESS 


R&D objectives, whether at the strategic, operational or project level, 
are the primary means of establishing what is to be achieved by the 
organization. They become the initial step in the accountability 
process and the success of the individual and the organization will be 
assessed based on their achievement. 


OBJECTIVES SHOULD BE CLEAR AND, WHERE POSSIBLE, 
QUANTIFIED 


The objectives of a project or program should be stated in unambiguous 
terms, indicating expected end results and noting any special consider- 
ations. The objectives at each level must be consistent with those set 
at other levels within the R&D organization. 


PLANNING FOR R&D MUST TAKE INTO ACCOUNT THE 
ACTIVITIES OF: SUPPORTING DEPARTMENTAL PROGRAMS; 
DEVELOPING TECHNOLOGY AND TRANSFERRING IT TO THE 
CLIENT; AND PROVIDING A COMPETENCE BASE TO SUPPORT 
GOVERNMENT AND NATIONAL REQUIREMENTS 


Planning must ensure that the above three R&D activities are met in 
an optimal way, satisfying the objectives and priorities of the 
organization. 


STRATEGIC PLANNING MUST ENSURE THAT THE ORGANIZA- 
TION IS RESPONSIVE TO GOVERNMENT NEEDS AND THOSE 
OF THE CLIENT 


Strategic planning takes into account the department’s mandate and 
government priorities; assesses the client’s needs in view of technologi- 
cal, business, regulatory, social and international considerations; 
examines the additional requirements placed on the organization in 
order to respond; and proposes options that best satisfy all of these 
strategic considerations. 


OPERATIONAL PLANNING MUST ENSURE THAT RESOURCES 
ARE APPLIED IN THE MOST EFFICIENT AND EFFECTIVE WAY 
TO MEET THE OBJECTIVES OF THE ORGANIZATION 
Operational planning must include performance objectives and means 
of achieving them expressed in such a manner that progress can be 
assessed, results evaluated and performance judged for purposes of 
accountability. 


PROJECT (OR PROGRAM) SELECTION PROCEDURES MUST BE 
FORMALLY ESTABLISHED 


Selection of R&D projects (or programs) is the critical step in the 
planning process and must be carried out in a comprehensive and 
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(10) 


(11) 


(12) 


(13) 


formal manner. In the process of selecting projects and developing 
detailed plans, review mechanisms must be in place to ensure that the 
approach and methodology for the R&D activity have been evaluated 
and found appropriate, that the planned commitment of resources is 
reasonable and conducive to attaining the desired results within the 
estimated time frame, and that the facilities and expertise are available 
or will be provided for the work. The community or organization 
which is expected to benefit from the R&D must be identified and, 
where applicable, a description of the way in which the R&D results 
might yield the benefits should be provided. 


PLANS MUST BE ADEQUATELY DOCUMENTED 


Once an activity is approved in principle, detailed planning must lead to 
a well-substantiated work plan, including resource requirements, contin- 
gency funding and timing. The work plans must be developed in a way 
which integrates program, financial and human resources management. 
The amount of documentation needed should vary depending on the 
type of activity. A simple statement of goals and planned expenditure 
of resources would suffice for a small project concerned with an 
exploratory search of knowledge. On the other hand, extensive detailed 
documentation may be required for a large, complex, multi-year program. 


APPROPRIATE MECHANISMS FOR CONTROL MUST BE ESTAB- 
LISHED IN ADVANCE OF IMPLEMENTATION 


During the detailed planning stage, documentation must be prepared 
describing the appropriate points at which an assessment of scientific 
progress is to be made in relation to time and resources expended, and 
describing the criteria to be applied during project implementation for 
expanding, extending, or terminating ongoing projects. Plans for formal 
assessment, such as that by peer review committees, must be documented. 


RESPONSIBILITY, ACCOUNTABILITY, AND AUTHORITY FOR 
THE RESEARCH PROJECT (OR PROGRAM) MUST BE CLEARLY 
ASSIGNED 


Operational control during implementation requires that for each 
project, organizational arrangements, such as those for obtaining 
supporting resources and for communication with other parts of the 
Organization, be established at the outset and that the division of 
responsibilities be clearly defined. 


TO FACILITATE MANAGEMENT ACTION AT THE APPROPRIATE 
LEVEL, WELL-DOCUMENTED POLICIES AND PROCEDURES ARE 
ESSENTIAL 

If the manager identifies a significant deviation from plans or is to 
respond to an externally imposed change, a decision will be required. It 
is important, therefore, that the level of delegated authority, the 
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(14) 


(15) 


policies and procedures guiding decision-making, and any restrictions 
on freedom to use the available contingency resources or to reallocate 
existing resources must be clearly understood by the manager. 


FOR OPERATIONAL CONTROL OF R&D, AN OPTIMAL BALANCE 
BETWEEN FORMAL AND INFORMAL CONTROL INFORMATION 
IS NECESSARY. WHERE FORMAL PROCEDURES ARE TO BE 
USED, THEY MUST BE IDENTIFIED AND DOCUMENTED. THE 
EXTENT OF APPLICATION OF FORMAL PROCEDURES SHOULD 
BE LEFT TO THE DISCRETION OF MANAGERS BUT MUST 
FACILITATE THE REGULAR ASSESSMENT OF ACHIEVEMENTS 


In implementing R&D work, the most important ingredient for effective 
operational control is the acquisition and dissemination of information, 
through a variety of formal and informal mechanisms. Formal mecha- 
nisms can include: periodic review meetings between managers and 
subordinates; periodic written progress or review reports submitted by 
subordinates on progress and use of resources; and periodic independent 
audit and evaluation of programs or projects. 


Informal mechanisms include: discussions with subordinates; joint 
observation of experiments; information derived from external sources; 
and information sessions designed to explore how to deal with externally 
imposed changes to plans caused by economic, social or political factors. 


MANAGEMENT DECISIONS INVOLVING MAJOR CHANGES TO 
PROJECTS OR PROGRAMS MUST BE FORMALLY RECORDED 


In all situations where management decisions are made involving a 
substantialechange in R&D direction or affecting the disbursement 
of resources in a major way, these decisions and their causes must 
be formally recorded for accounting and reference purposes. 
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